Association between cardiorespiratory fitness and body fat in girls  by Minatto, Giseli et al.
Rev Paul Pediatr. 2016;34(4):469--475
REVISTA  PAULISTA
DE PEDIATRIA
www.rpped.com.br
ORIGINAL ARTICLE
Association  between  cardiorespiratory  ﬁtness
and body  fat  in girls
Giseli Minattoa,∗, Thiago Ferreira de Sousab,
Wellington Roberto Gomes de Carvalhoc, Roberto Régis Ribeirod,
Keila  Donassolo Santosd, Edio Luiz Petroskia
a Centro  de  Desportos,  Núcleo  de  Pesquisa  em  Cineantropometria  e  Desempenho  Humano,  Universidade  Federal  de  Santa
Catarina (UFSC/CDS/NuCiDH),  Florianópolis,  SC,  Brazil
b Universidade  Federal  do  Triângulo  Mineiro,  Uberaba,  MG,  Brazil
c Laboratório  de  Estudos  e  Pesquisas  Epidemiológicas  em  Atividade  Física,  Exercício  e  Esporte  (LAPAES),  Departamento
de Educac¸ão  Física,  Universidade  Federal  do  Maranhão,  São  Luís,  MA,  Brazil
d Faculdade  Assis  Gurgacz,  Cascavel,  PR,  Brazil
Received  10  September  2015;  accepted  2  February  2016
Available  online  14  July  2016
KEYWORDS
Adolescent;
Physical  ﬁtness;
Body  composition
Abstract
Objective:  To  estimate  the  prevalence  of  low  cardiorespiratory  ﬁtness  and  its  association  with
excess body  fat,  considering  the  sexual  maturation  and  economic  level  in  female  adolescents.
Methods:  Cross-sectional,  epidemiological  study  of  1223  adolescents  (10--17  years)  from  the
public school  system  of  Cascavel,  PR,  Brazil,  in  2006.  We  analyzed  the  self-assessed  sexual
maturation  level  (prepubertal,  pubertal  and  post-pubertal),  the  economic  level  (high  and  low)
through a  questionnaire  and  body  fat  (normal  and  high)  through  triceps  and  subscapular  skin-
folds. The  20-meter  back-and-forth  test  was  applied  to  estimate  maximum  oxygen  consumption.
Cardiorespiratory  ﬁtness  was  assessed  according  to  reference  criteria  and  considered  low  when
the minimum  health  criterion  for  age  and  sex  was  not  met.  Chi-square  test  and  logistic  regression
were applied,  with  a  signiﬁcance  level  of  5%.
Results:  The  prevalence  of  low  cardiorespiratory  ﬁtness  was  51.3%,  being  associated  with  all
study variables  (p<0.001).  At  the  crude  analysis,  adolescents  with  high  body  fat  were  associated
with low  cardiorespiratory  ﬁtness,  when  compared  to  those  with  normal  body  fat  (OR=2.76;
95%CI: 2.17--3.52).  After  adjustment  by  sexual  maturation,  this  association  remained  valid  and
showed an  effect  that  was  1.8-fold  higher  (95%CI:  1.39--2.46)  and  after  adjusting  by  economic
level, the  effect  was  1.9-fold  higher  (95%CI:  1.45--2.61).
Conclusions:  Approximately  half  of  the  assessed  girls  showed  unsatisfactory  levels  of  cardio-
respiratory  ﬁtness  for  health,  which  was  associated  with  high  body  fat,  regardless  of  sexual
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maturation  level  and  economic  level.  Effective  public  health  measures  are  needed,  with  par-
ticular attention  to  high-risk  groups.
© 2016  Sociedade  de  Pediatria  de  Sa˜o  Paulo.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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Composic¸ão  corporal
Relac¸ão entre  aptidão  cardiorrespiratória  e  adiposidade  corporal  em  meninas
Resumo
Objetivo:  Estimar  a  prevalência  de  aptidão  cardiorrespiratória  baixa  e  sua  associac¸ão  com
excesso de  adiposidade  corporal,  considerando  a  maturac¸ão  sexual  e  o  nível  econômico,  em
adolescentes  do  sexo  feminino.
Métodos:  Estudo  epidemiológico  transversal  com  1.223  adolescentes  (10-17  anos)  da  rede
pública de  ensino  de  Cascavel,  PR,  Brasil,  em  2006.  Analisou-se  a  maturac¸ão  sexual  (pré-púbere,
púbere e  pós-púbere)  autoavaliada,  o  nível  econômico  (NE)  (alto  e  baixo)  por  questionário
e a  adiposidade  corporal  (normal  e  elevada)  por  dobras  cutâneas  do  tríceps  e  subescapular.
Aplicou-se  o  teste  de  vaivém  de  20  metros  para  estimar  o  consumo  máximo  de  oxigênio.  A
aptidão cardiorrespiratória  foi  avaliada  por  critérios  referenciados  e  considerada  baixa  quando
não atingido  o  critério  mínimo  para  a  saúde  segundo  idade  e  sexo.  Foram  aplicados  o  teste  de
qui-quadrado  e  a  regressão  logística,  com  nível  de  signiﬁcância  de  5%.
Resultados:  A  prevalência  de  aptidão  cardiorrespiratória  baixa  foi  de  51,3%  que  se  associou
a todas  as  variáveis  do  estudo  (p<0,001).  Na  análise  bruta,  as  adolescentes  com  adiposidade
corporal  elevada  associaram-se  à  aptidão  cardiorrespiratória  baixa,  quando  comparada  com
aquelas com  adiposidade  normal  (RC=2,76;  IC95%  2,17-3,52).  Após  ajuste  pela  maturac¸ão  sex-
ual, essa  associac¸ão  se  manteve  e  mostrou  efeito  1,8  vez  maior  (IC95%  1,39-2,46)  e,  após  ajuste
pelo NE,  o  efeito  foi  1,9  vezes  maior  (IC95%  1,45-2,61).
Conclusões:  Aproximadamente  metade  dos  avaliados  apresentou  níveis  insatisfatórios  de
aptidão cardiorrespiratória  para  a  saúde,  o  que  se  associou  à  adiposidade  corporal  elevada,  inde-
pendentemente  da  maturac¸ão  sexual  e  NE.  Medidas  efetivas  de  saúde  pública  são  necessárias,
com especial  atenc¸ão  para  grupos  de  maior  risco.
© 2016  Sociedade  de  Pediatria  de  Sa˜o  Paulo.  Publicado  por  Elsevier  Editora  Ltda.  Este e´ um
artigo Open  Access  sob  uma  licenc¸a  CC  BY  (http://creativecommons.org/licenses/by/4.0/).
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introduction
ardiorespiratory  ﬁtness  is  considered  an  important  marker
f  health  since  childhood  and  adolescence.1 It  is  deﬁned  as
he  capacity  of  the  circulatory  and  respiratory  systems  to
upply  oxygen  to  the  muscles  during  exercise  of  moderate
o  high  intensity  and  involves  large  muscle  groups  for  long
eriods  of  time.2
Studies  indicate  that  cardiorespiratory  ﬁtness  in  chil-
ren  and  adolescents  has  decreased  in  recent  decades  in
7  countries  (reduction  of  0.46%)3 and  in  Brazil  (reduction
f  0.51%).4 The  proportion  of  adolescents  that  do  not  reach
cceptable  levels  of  this  component  of  physical  ﬁtness  for
ealth  varies  from  37.8%5 in  Florianopolis  to  60%6 in  Parana.
The  low  level  of  cardiorespiratory  ﬁtness  is  associated
ith  increased  cardiovascular  risk  factors  and  metabolic
yndrome  in  young  individuals,7 as  well  as  to  increased  car-
iovascular  risk  in  adulthood.8 A  meta-analysis  showed  that
he  overall  risk  of  death  from  all  causes  or  from  cardiovas-
ular  disease  was  two-fold  higher  in  individuals  with  low
ardiorespiratory  ﬁtness  levels,  compared  to  those  with  high
evels.8 According  to  Azambuja  et  al.,9 in  2004  the  annual
ost  to  public  funds  for  the  treatment  of  cardiovascular  dis-
ase  was  R$  30.8  billion  (36.4%  for  health,  8.4%  for  social
ecurity  and  reimbursement  by  employers  and  55.2%  as  a
esult  of  lost  productivity).
a
a
n
fAnother  aggravating  factor  of  low  ﬁtness  levels  is  excess
ody  fat  even  at  early  ages.  Adolescents  with  excess  body
at  have  lower  cardiorespiratory  ﬁtness,6,10,11 predominantly
irls.10 The  increased  gain  in  adiposity  in  adolescence  is
ssociated  with  the  onset  of  puberty,  at  which  stage  girls,
hrough  action  of  the  hormone  estrogen,  tend  to  accumu-
ate  higher  amounts  of  body  fat.12 However,  there  is  a  study
hat  reports  a  negative  association  between  cardiorespira-
ory  ﬁtness  and  sexual  maturation,  which  controlled  the
ercentage  of  body  fat  in  girls10 and  may  indicate  changes  in
ardiorespiratory  ﬁtness  during  the  maturational  and  physi-
al  development.
Although  the  association  between  cardiorespiratory  ﬁt-
ess  and  body  adiposity  has  been  explored  in  adolescents,6,13
here  is  a  gap  in  the  literature  on  the  association  between
hese  variables  while  considering  the  economic  level.  In  ado-
escents  of  high  economic  level,  better  cardiorespiratory
tness  was  found  in  adolescents  with  less  accumulation  of
ody  fat.6
When  only  the  boys  are  assessed,  the  association  between
ody  fat  and  other  physical  ﬁtness  components  is  also
nverse,  but  seems  to  differ  between  social  strata.13 Other
uthors,  in  a  study  involving  both  genders,  reported  no
ssociation  between  cardiorespiratory  ﬁtness  and  eco-
omic  level.5 These  conﬂicting  results  emphasize  the  need
or  further  studies  to  elucidate  the  association  between
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cardiorespiratory  ﬁtness  and  body  fat  in  different  economic
strata,  as  preventive  actions  might  consider  such  aspects.
Therefore,  this  study  aimed  to  estimate  the  prevalence  of
low  cardiorespiratory  ﬁtness  and  its  association  with  excess
body  fat,  while  considering  sexual  maturation  and  the  eco-
nomic  level  in  female  adolescents  (aged  10--17  years)  from
the  city  of  Cascavel,  Paraná  state,  Brazil.
Method
This  is  a  school-based  epidemiological  and  cross-sectional
study  carried  out  in  2006  in  Cascavel  city,  West  region  of
Paraná  state,  Southern  Brazil.  The  estimated  population  of
the  municipality  in  2006  was  of  245,369  inhabitants,  with
the  majority  (93.2%)  living  in  the  urban  area.14 The  Human
Development  Index  (HDI)  of  the  municipality  is  0.810  (high
human  development).15
This  article  is  part  of  a  larger  epidemiological,  cross-
sectional  study,  called  ‘‘Anthropometry,  body  composition,
motor  performance  and  sexual  maturation  of  students  from
different  socioeconomic  levels  in  Cascavel  city,  Paraná’’.
The  target  population  of  the  largest  study  consisted  of
female  students  aged  8--17  years,  living  in  the  urban  area.
According  to  the  report  of  the  Regional  Education  Center
and  the  Municipal  Education  Secretariat  of  Cascavel,  in  2006
the  municipality  had  39,830  students  enrolled  in  elemen-
tary  and  high  schools.  Given  that  the  Municipal  Secretariat
of  Education  does  not  provide  the  number  of  students  by
gender,  a  distribution  of  50%  was  considered,  totaling  a  pop-
ulation  of  19,915  female  students.  The  sample  calculation
followed  the  procedures  suggested  by  Barbetta,16 with  an
expected  prevalence  of  50%  for  the  outcome,  sample  error
of  2  percentage  points  and  95%  conﬁdence  interval,  resulting
in  a  sample  of  2221  girls.
The  sampling  procedure  consisted  of  a  three-stage  con-
glomerate,  with  the  ﬁrst  being  the  educational  district,  the
second  being  the  school  and  the  third  the  classes,  respect-
ing  the  proportionality.  Three  educational  districts  were
formed  according  to  the  distribution  of  students  in  different
geographic  regions  of  the  municipality  in  order  to  ensure
better  representativeness,  according  to  the  geographical
division  proposed  by  the  Regional  Education  Center  of  Cas-
cavel,  PR.  Student  distribution  showed  a  ratio  of  35.8%
at  district  I;  33.1%  in  district  II  and  31.2%  in  district
III.
At  the  ﬁrst  stage,  four  schools  were  chosen  from  each  dis-
trict  by  drawing  lots,  two  municipal  and  two  state  schools.
In  the  second  stage,  the  schools  that  would  participate  in
the  study  were  chosen  from  a  list  provided  by  the  institu-
tions  themselves,  which  contained  to  the  students’  ages,  by
drawing  lots.  At  the  third  stage,  we  carried  out  a  simple  ran-
dom  selection  of  classes,  considering  the  proportionality  in
relation  to  the  target  population.
For  this  study,  the  calculation  of  the  sample’s  statistical
power  was  carried  out  retrospectively.  To  test  the  associ-
ation  between  body  fat  (exposure)  and  cardiorespiratory
ﬁtness  (outcome),  a  prevalence  of  exposure  of  38%,  a  preva-
lence  of  outcome  in  the  unexposed  of  42%  and  a  conﬁdence
level  of  95%  were  considered  with  the  analyzed  sample
(n=1223).  The  study  had  100%  power  to  ﬁnd  an  odds  ratio
of  1.6  or  higher  as  signiﬁcant.
n
c
mls  471
For  the  present  study,  only  the  adolescents  (10--17  years)
nrolled  in  municipal  or  state  public  schools  who  were  in
he  classroom  on  the  day  of  data  collection  were  deﬁned
s  eligible.  Schools  unable  to  perform  the  cardiorespiratory
tness  test  and  students  aged<10  years  were  excluded,  as
he  aforementioned  physical  test  is  not  indicated  for  this
ge  range.17
The  evaluation  team  consisted  of  3  teachers  and  12
tudents  of  Physical  Education.  They  underwent  previous
raining  to  standardize  the  anthropometric  assessment  and
 pilot  study  aimed  to  test  the  measuring  tools  used  in  the
tudy.  The  intra-  and  inter-rater  technical  error  of  mea-
urement  (TEM)  was  previously  calculated  in  a  sample  of  19
tudents  that  did  not  participate  in  the  study.  The  intra-rater
EM  limit  was  3%  for  skinfolds  and  1%  for  other  measures.
or  interrater  TEM,  an  error  limit  of  7%  was  considered  for
kinfolds  and  1%  for  other  measures.
Data  collection  was  carried  out  in  August  2006  at  school
uring  the  class  period.  Anthropometric  measurements  of
ody  weight,  height  and  skinfolds  to  characterize  the  sam-
le,  nutritional  status  and  body  fat  evaluation  were  obtained
n  a  previously  prepared  room.  The  self-assessment  of  sexual
aturation  was  carried  out  in  a  different  room.
Demographic  information  on  gender,  age  and  skin  color
as  self-reported  in  a questionnaire.  Speciﬁcally,  skin
olor  was  obtained  based  on  self-report,  according  to  the
eﬁnitions  of  Instituto  Nacional  de  Estudos  e  Pesquisas  Edu-
acionais  Anísio  Teixeira  (INEP).18
Cardiorespiratory  ﬁtness  was  obtained  through  the  20-
eter  shuttle  run  test  proposed  by  Leger  et  al.19 and
alidated  for  Brazilian  samples.20 To  determine  whether
ardiorespiratory  ﬁtness  was  low,  the  criteria  reported  by
itnessgram  were  used.17
Body  mass  was  measured  in  a  bioimpedance  scale
Tanita®)  (TBF  305  model),  with  a  precision  of  0.1kg.  Height
as  obtained  with  stadiometer  (Seca®)  and  precision  of
.1cm.  Both  measurements  were  obtained  by  following
tandard  procedures.21
The  sexual  maturation  stage  was  obtained  by  self-
ssessment  of  breast  development,22 which  is  indicated
or  the  diagnosis  of  sexual  maturation  in  children  and
dolescents.23 The  students  received  recommendations  indi-
idually  regarding  the  purpose  of  the  assessment  and  were
nformed  about  the  self-assessment  procedures  and  recor-
ing  the  stage  at  which  they  were  on  a  form.  The  students
ere  asked  to  carefully  observe  each  of  the  photographs
nd  to  identify  the  one  on  the  form  that  most  resembled
heir  breasts  at  that  time.  The  volunteers  were  divided  into
hree  groups:  prepubertal  (stage  I),  pubertal  (stages  II--IV)
nd  post-pubertal  (stage  V).12
Social  class  was  identiﬁed  through  a  questionnaire  of  the
razilian  Association  of  Survey  Companies  (Abep),24 which
stimates  the  families’  purchasing  power  based  on  the  accu-
ulation  of  material  goods,  housing  conditions,  number  of
omestic  employees  and  educational  level  of  the  household
ead.  The  questionnaire  classiﬁes,  in  descending  order,  in
ve  classes:  A1,  A2,  B1,  B2,  C  and  D.  For  the  present  study,
he  volunteers  were  classiﬁed  as  high  (A  +  B)  and  low  eco-
omic  level  (C  +  D  +  E),  due  to  the  low  frequency  of  the
ategories.
The  body  fat  percentage  (BF%)  was  estimated  by  skinfold
easurements.  Therefore,  the  triceps  (TR)  and  subscapular
4 Minatto  G  et  al.
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Table  1  Comparisons  of  loss  of  cardiorespiratory  ﬁtness
(CRF)  according  to  the  sample  characteristics.
Variables  With  CRF
(n=1223)
Without  CRF
(n=417)
%  %  p-Value
Age  range  (years)  0.003
10--12 74.0  26.0
13--15  78.0  22.0
16--17  66.5  33.5
School  shift <0.001
Morning  67.7 32.3
Afternoon  83.7 16.3
Ethnicity  0.462
Caucasian  74.1  25.9
Another  76.0  24.0
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SS)  skinfold  thickness  was  measured  in  the  right  hemibody
nd  in  duplicate  using  a  caliper  (Cescorf® Equipamen-
os  Antropométricos  Ltda,  Porto  Alegre,  Brazil).  The  mean
alue  of  each  skinfold  was  calculated  and  the  sum  of  both
mployed  in  the  equations  of  Slaughter  et  al.25:
F%=0.546 (TR+SS)+9.7 (sum of TR and SS skinfolds>35 mm);
F%  =  1.33  (TR+SS)−0.013  (TR+SE)2
−2.5  (sum  of  TR  and  SS  skinfolds<35 mm).
Based  on  the  value  obtained  in  the  equations,  the  sample
as  classiﬁed  as  with  and  without  excess  body  fat,  according
o  the  cutoffs  proposed  by  Fitnessgram.26
Descriptive  statistics  were  used  to  characterize  the  sam-
le.  The  normality  of  maximum  oxygen  consumption  and
he  percentage  of  body  fat  were  veriﬁed  through  the  his-
ogram.  The  difference  in  mean  values  of  these  variables
etween  age  groups  was  tested  by  analysis  of  variance  (one-
ay  ANOVA)  followed  by  Bonferroni  post  hoc.  The  proportion
f  students  that  had  low  cardiorespiratory  ﬁtness  (outcome)
as  reported  as  prevalence  in  relation  to  the  number  of
ssessed  students,  although  the  outcome  of  interest  is  not  a
isease.  The  association  of  low  cardiorespiratory  ﬁtness  with
he  study  variables  was  tested  using  the  Chi-square  test.
The  interaction  of  the  economic  level  in  the  association
etween  cardiorespiratory  ﬁtness  and  body  fat  was  also  pre-
iously  tested  (p=0.149).  For  this  reason,  a  binary  logistic
egression  was  performed  to  test  the  association  between
he  outcome  and  excess  body  fat,  controlled  by  sexual  mat-
ration  and  economic  level.  The  variables  were  included  in
he  model  one  by  one  and  remained  for  adjustment  with  the
ollowing  variable  when  p<0.20.  The  odds  ratios  and  conﬁ-
ence  intervals  were  estimated.  The  signiﬁcance  level  for
ll  analyses  was  5%  and  the  Stata  software  (Stata  Corp  LP,
ollege  Station,  USA)  version  12.0  was  used  in  the  analyses.
The  study  was  approved  by  the  Institutional  Review  Board
f  Universidade  Federal  de  Santa  Catarina  (UFSC),  under
pinion  n.  131/2006.  The  guidelines  of  Resolution  196/96  of
he  National  Health  Council  were  followed  and  an  informed
onsent  form  was  sent  to  all  research  participants  to  inform
hem  about  the  study  objectives.
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Table  2  Sample  characterization  per  mean  values  and  standard  
according to  the  age  range.
Variables  Body  fat  (%)  
n  Mean  S
Overall  1.221  26.5  6
Age range  (years)
10--12  559  24.2  6
13--15 494  27.9  6
16--17 168  29.8  6
p-Valuea <0.001  <0.001
VO2max, maximum oxygen consumption.
a ANOVA trend test.Chi-square.
esults
f  the  1910  assessed  students  (86%  of  the  estimated  sample)
even  adolescents  were  excluded  from  the  study  because
here  was  no  information  on  age,  269  for  being  aged<10
ears  (n=268)  or>17  years  (n=1).  Of  the  eligible  ones
n=1634)  it  was  also  necessary  to  exclude  417  for  not  under-
oing  the  cardiorespiratory  ﬁtness  test.  Therefore,  a  total  of
223  adolescents  in  this  age  group  (75%  of  the  eligible  ones)
articipated  in  the  study.  Table  1  shows  that  the  losses  were
igher  among  older  adolescents  (16--17  years)  and  among
he  students  from  the  morning  shift,  but  there  were  no  dif-
erences  regarding  skin  color.
The  mean  age  of  the  adolescents  was  13±2  years.  Body
at  percentage  showed  a  signiﬁcant  increase  with  age  among
he  adolescents,  while  this  association  was  reversed  for
O2max  (Table  2).
The  prevalence  of  low  cardiorespiratory  ﬁtness  was  51.3%
95%CI:  48.5--54.1).  Table  3  shows  the  adolescents  with  high
ody  fat,  at  the  post-pubertal  stage  of  sexual  maturation
nd  high  economic  level  had  a  higher  prevalence  of  the  out-
ome.  The  sample  distribution  showed  a higher  frequency
f  adolescents  in  the  pubertal  stage,  with  normal  body  fat,
hich  belonged  to  low  economic  level.
deviation  (SD)  of  exposure  (body  fat)  and  outcome  (VO2max)
VO2max  (mL  kg−1 min−1)
D  n  Mean  SD
.9  1.223  39.0  4.7
.7  559  42.4  2.9
.4  496  37.2  3.5
.2  168  32.8  3.2
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Table  3  Distribution  of  the  overall  sample  and  with  low  cardiorespiratory  ﬁtness  according  to  the  study  variables.
Variables  Total  (n=1223)  Low  CRF
n  %  %  p-Value
Sexual  maturation  <0,001
Pre-pubertal 50  4.1  8.0
Pubertal 1.009  82.8  47.4
Post-pubertal  160  13.1  88.0
Economic level  <0.001
High 385  32.6 59.0
Low 796  67.4 48.0
Body fat <0.001
Normal  762  62.4 42.0
Elevated  549  37.6  66.7
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mCRF, low cardiorespiratory ﬁtness; Chi-square test.
At  the  unadjusted  analysis  (Table  4),  adolescents  with
high  body  fat  were  2.76-fold  more  likely  to  have  low  car-
diorespiratory  ﬁtness  when  compared  to  those  with  normal
body  fat.  The  association  remained  after  adjustment  for  sex-
ual  maturation  and  economic  level.  The  chance  of  female
adolescents  with  excess  body  fat  of  having  inadequate  levels
of  cardiorespiratory  ﬁtness  for  health  was  85%  higher  when
controlling  for  sexual  maturation  and  94%  higher  when  the
economic  level  was  included  in  the  model.
Discussion
The  main  ﬁndings  of  this  study  show  that  approximately  half
of  the  assessed  adolescents  had  low  levels  of  cardiorespira-
tory  ﬁtness  for  health.  The  highest  prevalence  rates  were
found  among  adolescents  with  high  body  fat,  post-pubertal
maturation  stage  and  those  belonging  to  higher  economic
classes.  Adolescents  with  high  body  fat  were  more  exposed
to  low  cardiorespiratory  ﬁtness,  irrespective  of  sexual  mat-
uration  and  economic  level.
The  prevalence  of  low  cardiorespiratory  ﬁtness  in  the
present  study  was  higher  than  that  found  in  female  adoles-
cents  aged  10--15  years  from  Florianópolis,  Brazil  (37.8%);
in  a  representative  school-based  sample,  public  and  private
schools  were  considered.5 It  was  lower  than  the  proportion
found  in  a  longitudinal  study  of  adolescents  of  high  economic
level  in  Londrina,  Paraná,  from  a  central  school  in  the  munic-
ipality  (60%).6 In  a  school-based  longitudinal  study  with
adolescents  (10--11  years)  carried  out  in  Ilhabela,  Brazil,
s
t
a
o
Table  4  Crude  and  adjusted  analysis  of  the  association  between
adolescents.
Models  
OR  
Elevated  body  fat  2.76
Elevated body  fat  adjusted  by  SM  1.85
Elevated body  fat  adjusted  by  SM  and  EL  1.94
OR,  odds ratio; 95%CI, 95% conﬁdence interval; SM, sexual maturation;
a p-Value of Wald test.etween  1978  and  2010,  there  was  an  annual  decrease  in
ardiorespiratory  ﬁtness  of  0.51%  in  the  last  three  decades.4
n  an  analysis  of  studies  with  children  and  adolescents  (6--19
ears)  from  27  countries,  this  annual  decrease  was  0.46%.3
Considering  only  the  female  gender  (6--19  years),  the
ecrease  in  cardiorespiratory  ﬁtness  in  studies  carried  out
n  11  countries  was  0.41%  a year.27 The  proportion  of  ado-
escents  in  this  study  with  low  cardiorespiratory  ﬁtness
ay  be  a reﬂection  of  lower  cardiorespiratory  ﬁtness  levels
bserved  worldwide.  These  data  are  alarming  considering
he  exposure  of  young  individuals  to  cardiovascular  risk  fac-
ors  during  adolescence7 and  adulthood.8
The  proportion  of  adolescents  with  low  cardiorespiratory
tness  differs  according  to  sexual  maturation  stages.  The
dolescents  in  the  post-pubertal  stage  were  more  likely  to
ave  low  levels  of  cardiorespiratory  ﬁtness.  These  ﬁndings
orroborate  other  school-based  studies  carried  out  with  a
epresentative  sample  of  girls  in  Brazil28 and  in  Europe.10
hen  assessing  girls  from  the  state  of  Sergipe  (9--14  years),28
he  inﬂuence  of  sexual  maturation  on  cardiorespiratory
tness  showed  a  signiﬁcant  (p<0.0001)  and  medium-sized
ffect  (Eta2=0.069,  power=1)  on  the  VO2max.  In  Spanish
nd  Swedish  girls  (13--18.5  years),10 cardiorespiratory  ﬁt-
ess  was  negatively  associated  with  sexual  maturation,  even
fter  controlling  for  body  fat.  This  suggests  that  body  fat  is  a
odifying  factor  of  cardiorespiratory  ﬁtness.  These  ﬁndingshow  that  the  sexual  maturation  is  an  important  variable
o  be  considered  when  assessing  cardiorespiratory  ﬁtness  in
dolescents,  especially  due  to  the  body  fat  increase  that
ccurs  in  this  phase  of  adolescence.
 low  cardiorespiratory  ﬁtness  (CRF)  and  body  fat  in  female
Low  CRF
95%CI  p-Valuea
 2.17--3.52  <0.001
 1.39--2.46  <0.001
 1.45--2.61  <0.001
 EL, economic level.
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Another  ﬁnding  of  this  study  showed  that  adolescents
rom  the  higher  socioeconomic  strata  had  a  higher  preva-
ence  of  low  levels  of  cardiorespiratory  ﬁtness  in  relation
o  their  less  favored  peers.  In  adolescents  (10--15  years)
rom  Florianópolis,  state  of  Santa  Catarina,  the  association
as  found  to  be  inverse.  Low  cardiorespiratory  ﬁtness  was
ore  prevalent  in  those  from  the  poorer  economic  strata
nd  did  not  differ  between  genders.5 It  is  noteworthy  that
he  study  carried  out  in  Florianópolis5 included  a  sample
f  adolescents  from  public  and  private  schools,  which  may
xplain  the  difference  between  ﬁndings.  The  inverse  associ-
tion  between  cardiorespiratory  ﬁtness  and  economic  level
as  also  been  reported  by  other  researchers.29 These  diver-
ent  results  on  the  association  between  economic  level  and
ow  cardiorespiratory  ﬁtness  levels  require  more  compa-
able  studies  to  further  elucidate  this  association  and  to
ontribute  to  the  discussions  about  the  inﬂuence  of  social
haracteristics  on  biological  variables.
Increased  exposure  to  low  cardiorespiratory  ﬁtness  lev-
ls  also  occurred  in  adolescents  with  high  body  fat,  even
fter  adjusting  for  sexual  maturation  and  economic  level.
hese  results  corroborate  the  studies  carried  out  in  Brazil,
n  which  adolescents  with  higher  levels  of  body  fat  showed
ower  values  of  maximum  oxygen  consumption.6,30 Interna-
ionally,  this  inverse  association  between  cardiorespiratory
tness  and  body  fat  is  also  conﬁrmed  after  adjustment
or  sexual  maturation.11 The  decrease  in  cardiorespira-
ory  ﬁtness  during  adolescence  is  usually  attributed  to  the
ccumulation  of  adiposity  related  to  sexual  maturation;
owever,  if  the  decrease  persists  even  after  controlling
or  body  fat,  the  cause  can  be  attributed  to  other  factors
ather  than  biological  ones,  such  as  the  physical  activity
evel.
It is  noteworthy  that  the  students’  motivation  at  the
hysical  test  was  not  controlled,  which  makes  it  impos-
ible  to  know  whether  they  did  their  best.  Moreover,  the
bserved  differential  losses  may  have  generated  some  bias
nd  thus,  caution  is  required  in  interpreting  these  results.
ne  of  the  main  reasons  for  these  losses  was  the  impos-
ibility  of  applying  the  cardiorespiratory  ﬁtness  test  due
o  bad  weather,  since  sports  courts  were  not  covered  in
ost  schools.  Another  important  limitation  concerns  the
act  that  the  study  was  performed  10  years  ago,  and  the
bserved  scenario  might  have  undergone  changes,  which
equires  attention  in  interpreting  the  results.  This  study  is
imited  to  the  population  of  girls  enrolled  in  public  schools
nd  residents  in  urban  areas  and  cannot  be  extrapolated  to
ther  students  aged<10  and>17  years,  from  private  schools,
rom  the  rural  area  and  with  different  HDI.
Despite  the  limitations  inherent  to  the  entire  study,  some
trong  points  deserve  to  be  highlighted.  First,  the  control  of
onfounding  factors  (sexual  maturation  and  economic  level)
llowed  a  better  depiction  of  the  association  between  car-
iorespiratory  ﬁtness  and  body  fat.  Although  further  studies
re  needed  to  better  elucidate  the  association  between  low
ardiorespiratory  ﬁtness  and  economic  level,  this  study  pro-
otes  the  search  for  evidence  about  the  factors  that  affect
he  association  between  cardiorespiratory  ﬁtness  and  body
at.  Second,  we  highlight  the  use  of  the  most  adequate
eld  test  to  measure  cardiorespiratory  ﬁtness.1 Finally,  the
esults  observed  in  a  representative  sample  of  children  are
elevant  for  the  preparation  of  effective  health  promotionMinatto  G  et  al.
easures  aimed  at  reducing  body  fat  and  improvement  in
ardiorespiratory  ﬁtness  levels  in  female  adolescents.
In  conclusion,  approximately  half  of  the  female  ado-
escents  showed  unsatisfactory  levels  of  cardiorespiratory
tness  for  health  and  poor  ﬁtness  is  associated  with  excess
ody  fat,  regardless  of  economic  status  and  sexual  matura-
ion.  New  studies  should  be  performed,  aiming  to  intervene
n  the  high  prevalence  of  low  cardiorespiratory  ﬁtness  found,
onsidering  the  excess  adiposity,  identiﬁed  as  an  associated
ariable  regardless  of  economic  and  biological  characteris-
ics.  Such  strategies  could  be  applied  in  the  public  health
eld  to  reach  teens  in  their  entirety  and  pay  attention  to
he  higher  risk  groups.
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